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Abstract. The various associations of motor and non-motor 
symptoms, the onset of motor complications, the cognitive 
disorder's appearance and other factors make Parkinson's 
disease (PD) a heterogeneous syndrome with multiple pheno-
types. The necessity of discriminating between different forms 
of PD could have a role in understanding the pathophysiology 
of extrapyramidal signs with clinical implications. The aim of 
this study was to evaluate if there is a relationship between the 
clinical motor phenotypes of PD and the scintigraphic pattern 
of 123I-FP-CIT single photon emission computed tomography 
(SPECT). We examined 47 patients with early idiopathic PD 
(25 males; 22 females; mean age 58±2 years) and subdivided 
them in different clinical forms on the basis of dominance of 
resting tremor (n=20), bradykinesia plus rigidity (n=20) and 
the presence of both clinical signs [mixed type (MT, n=7)]. 
We correlated this status with the semi-quantitative analysis 
of SPECT with 123I-FP-CIT. Tremor type patients showed a 
lower reduction of 123I-FP-CIT uptake compared to akinetic-
rigid type patients in contralateral caudate (P=0.0139) and 
putamen (P=0.0028) nuclei. 123I-FP-CIT uptake was higher in 
the ipsilateral caudate (P=0.0050) and putamen (P=0.0012) of 
tremor type patients compared to akinetic-rigid type patients. 
Comparisons of the striatal uptake in the tremor type and 
akinetic-rigid type patients with the MT patients revealed 
significant differences only in the ipsilateral and contralateral 
caudate. Our data indicate that in akinetic-rigid patients the 
dopaminergic system is more involved compared to that in the 
tremor type patients and that this difference is present from the 
initial stage of the disease. Moreover, our results suggest that 

PD phenotypes could be related not only to the dopaminergic 
involvement but also to other systems.

Introduction

The relationships between movement disorders and the dopa-
minergic system have been extensively investigated, both 
in terms of presynaptic and postsynaptic processes (1). The 
particular interest in the dopamine active transporter (DAT) 
is related to the assessment of dopaminergic neuron loss in 
Parkinson's disease (PD) (2,3) and movement disorders (2,4,5). 
123I-FP-CIT is a radiopharmaceutical highly selective for the 
DAT on the presynaptic processes of the nigrostriatal neurons 
(6). DAT is located on the plasma membrane of nerve termi-
nals in a small number of neurons in the brain, especially in 
the striatum and nucleus accumbens, but also in the globus 
pallidus, cingulate cortex, olfactory tubercle, amygdala and 
midbrain (7).

In idiopathic PD (IPD), 50% of patients complain of 
slowing up at presentation. The slowness of IPD involves both 
initiation and execution of movements, particularly sequential 
and volitional actions (8). About 40% of patients will complain 
of tremulousness of hands at rest, which improves with action 
and 80% of them will have an asymmetrical 3-5 Hz rest 
tremor evident on examination (9). A variant of IPD based on 
the clinical course is the mixed type (MT) with the presence 
of both bradykinesia and resting tremor. In concordance to 
their differences in brain biochemical abnormalities, the three 
subtypes of IPD have different courses (10).

In this study, we compared 123I-FP-CIT uptake in patients 
with different subtypes of early PD, i.e. Hoen and Yahr (H&Y) 
stages 1 and 1.5, in order to assess the relationship between 
clinical onset and nigrostriatal degeneration.

Materials and methods

Patients. The study involved 47 patients with IPD; 35 H&Y 
stage 1 and 12 stage 1.5, 25 males and 22 females, mean age 
58±2 years. A clinical examination was conducted by one 
experienced neurologist (P.S.) and PD was diagnosed using 
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(UKPDSBB) criteria (11). The motor part of the UKPDSBB 
was used to assess the severity of disease (12). On the basis 
of the predominant motor features in the Unified Parkinson's 
Disease rating scale (UPDRS), patients were subtyped into 
1 of 3 clinical groups, namely tremor-dominant type (TDT), 
akinetic-rigid type (ART) and MT, following the methods 
previously proposed (13-15). Mini mental state examination 
(MMSE) did not reveal any cognitive deficit. Twenty patients 
featured TDT, 20 ART and 7 MT. We calculated a ‘tremor 
score’ and a ‘non-tremor score’ for each patient (14,15). The 
data concerning the clinical subtypes of patients with PD are 
reported in Table I. The tremor score was derived from the sum 
of UPDRS items 20 (tremor at rest) and 21 (action or postural 
tremor of hands) divided by 7 (the number of the single sub items 
included). The non-tremor score was derived from the sum of 
UPDRS items 18 (speech), 19 (facial expression), 22 (rigidity), 
27 (arising from the chair), 28 (posture), 29 (gait), 30 (postural 
stability) and 31 (body bradykinesia and hypokinesia) divided 
by 12 (the number of the single sub-items included). The patient 
was classified as TDT, if the tremor score was at least twice the 
non-tremor score. The remaining patients, in whom the tremor 
and non-tremor score differed by less than a factor of 2, were 
classified as MT.

Data acquisition. Each patient was i.v. injected with 185 MBq 
of 123I-FP-CIT (Amersham Health, UK) that was given at 
the same time of the day and under the same experimental 
conditions. Perchlorate (1000 mg) was administered at least 
30 min before radiopharmaceutical injection to block thyroid 
uptake of free radioactive iodine (16). Imaging was always 
performed 4 h after 123I-FP-CIT using a dual-head gamma 
camera (Millennium vG; General Electric Medical Systems, 
Milwaukee, WI), equipped with low-energy high-resolution 
collimators. Single photon emission computed tomography 
(SPECT) studies were acquired using the following parameters: 
128x128 matrix, 120 projections (rotation of 360˚C), 40 sec/
projection. The slice thickness was 4.42 mm. Reconstruction 
was performed by filtered back-projection with a Butterworth 
filter (cut-off frequency 0.5, order 10) to produce transaxial 
slices that were attenuation corrected. Attenuation correction 

was performed according to Chang's method (17) using a coef-
ficient µ=0.11/cm, after manually drawing an ellipse around 
the head contour. For analysis of 123I-FP-CIT striatal uptake, 
the ratio of specific to non-specific binding was calculated 
by summing the three adjacent transverse slices that showed 
the most intense striatal uptake. The slices were re-oriented 
to be parallel to the canthomeatal line. A standard ROI 
template, constructed manually according to a stereotactic 
atlas as previously described by Booij et al (18) and including 
fixed regions for both putamina, caudate nuclei and occipital 
cortices, was placed on the summed images. Small variations 
in the individual brain required movement of the ROIs within 
the template, without changing their size or shape, for optimal 
positioning. Therefore, the exact same ROIs were used in all 
patients for both images. The ratio of specific to non-specific 
binding was then calculated as 123I-FP-CIT binding=(ROI-
O)/O, in which ROI represents the mean counts in the region 
of interest (putamen or caudate nucleus) and O represents the 
mean counts in the occipital cortex (19).

Statistical analysis. We calculated the means and standard 
deviation for age, UPDRS motor examination score (UPDRS 
III), H&Y grade, disease duration and the results of the semi-
quantitative analysis for the ipsi and contralateral putamen and 
caudate nucleus. To detect differences of the dopaminergic 
deficit between the sub groups (semi-quantitative analysis, 
non-parametric data) we used Mann-Withney test. Two-way 
ANOvA was used in order to assess a relationship between 
H&Y stage and disease phenotype. A hypothesis was consid-
ered valid when P-value ≤0.05.

Results

Differences in gender, disease duration, age and UPDRS 
between patients with ART, TDT and MT were not significant; 
we did not find statistical significant differences in H&Y stages 
and the patient's phenotype. Patient population characteristics 
are summarized in Table I.

The results of the semi-quantitative analysis of SPECT 
data are summarized in Table II. The average uptake value 

Table I. General overview of the population examined.

 Population (n=47) TDT (n=20) ART (n=20) MT (n=7)

Age of onset, years ± SD 58±2 56±10 59±11 59±9

Gender
  Male 25 11 10 4
  Female 22 9 10 3

Disease duration, months ± SD  19±12 17±7 21±13

UPDRS III, mean ± SD  14±6 15±7 17±5

Hoehn and Yahr
  1 36 16 15 5
  1.5 11 4 5 2

TDT, tremor-dominant type; ART, akinetic-rigid type; MT, mixed type patients; UPDRS III, UPDRS motor examination section score.
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of contralateral and ipsilateral caudate was 2.97±0.67 and 
3.11±0.60 in TDT; 2.46±0.67 and 2.56±0.73 in ART. In MT 
they were 2.17±0.37 and 2.57±0.64, respectively. In the contra-
lateral and ipsilateral putamen, the average 123I-FP-CIT uptake 
was 2.23±0.42 and 2.47±0.44 in TDT; 1.79±0.45 and 1.90±0.50 
in ART; and 1.88±0.42 and 2.21±0.46 in MT (Table II).

In TDT patients, the 123I-FP-CIT uptake in the caudate 
contralateral to the side affected was higher in comparison 
with that in the ART (P=0.0139) and MT (P=0.0466) types 

while no differences were found when comparing ART 
patients with MT (P=0.5160) patients (Fig. 1).

In the contralateral putamen, we found a higher 123I-FP-CIT 
uptake in TDT vs. ART (P=0.0028) patients, while we did not 
identify statistically significant differences when comparing 
the contralateral putamen uptake in the TDT vs. the MT types 
(P=0.0676). Comparison of the 123I-FP-CIT uptake at this 
level, identified non-significant differences between ART and 
MT (P=0.5060) (Fig. 1).

Figure 1. FP-CIT uptake in both contralateral and ipsilateral putamen and caudate. The dopaminergic system is more involved in ART and MT patients in both 
the contralateral and ipsilateral caudate in comparison with MT patients (A and C). TDT patients present a higher 123I-FP-CIT uptake in the contralateral and 
ipsilateral putamen in comparison with ART patients (B and D).

Table II. Mean and SD of the striatal 123I-FP-CIT uptake in clinical subtypes.

 TDT (n=20) ART (n=20) MT (n=7) Comparisons P-value

Contralateral caudate 2.97±0.67 2.46±0.67 2.17±0.37 TDT vs. ART 0.0139
    TDT vs. MT 0.0466
    ART vs. MT 0.5160

Ipsilateral caudate 3.11±0.60 2.56±0.73 2.57±0.64 TDT vs. ART 0.0050
    TDT vs. MT 0.0434
    ART vs. MT 0.7070

Contralateral putamen 2.23±0.42 1.79±0.45 1.88±0.42 TDT vs. ART 0.0028
    TDT vs. MT 0.0676
    ART vs. MT 0.5060

Ipsilateral putamen 2.47±0.44 1.90±0.50 2.21±0.46 TDT vs. ART 0.0012
    TDT vs. MT 0.2451
    ART vs. MT 0.1055
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In reference to the ipsilateral caudate, we found a higher 
123I-FP-CIT uptake in TDT than ART (P=0.0050) and MT 
(P=0.0434) patients. We did not find statistically significant 
differences in the ipsilateral caudate uptake between ART and 
MT (P=0.7070) types. 123I-FP-CIT uptake was higher in the 
ipsilateral putamen of TDT than in ART patients (P=0.0012). 
Differences observed in the ipsilateral putamen uptake 
between TDT and MT patients (P=0.2451) and between ART 
and MT (P=0.1055) were not statistically significant (Fig. 1). 
Sample images of DAT SCAN in a TDT patient, ART patient 
and MT patient are shown in Fig. 2.

Discussion

IPD is a degenerative disorder of the nervous system in which 
mainly the presynaptic dopaminergic neurons are affected: the 
dopamine synthesis as well as the active transport of dopa-
mine into the synaptic gap by presynaptic DATs is reduced. 
First parkinsonian symptoms occur when the concentration 
of dopamine within the basal ganglia is reduced by at least 
80% (20). The reduced DAT density represents a typical 
phenomenon of IPD: it can be measured by SPECT with the 
radiopharmaceutical 123I-FP-CIT that has a high affinity to 
presynaptic DAT (20). PD patients typically show a signifi-
cantly lower striatal FP-CIT uptake than healthy controls, and 
therefore SPECT supports the diagnosis of IPD (21).

Rigidity, akinesia-hypokinesia-bradykinesia, and resting 
tremor are main motor features of IPD: some patients are tremor 
dominant some are akinetic-rigid, while the severity of these 
symptoms is comparable in others. Previous studies reported 
different findings between TDT and ART of PD patients; PD 
progresses faster in ART patients than in TDT patients, and 
ART patients exhibit more depressive symptoms than TDT 
patients (14,22).

In the present study, we used 123I-FP-CIT SPECT to verify 
the possible differences in the uptake among various IPD 
subtypes. In fact, molecular imaging using 123I-FP-CIT SPECT 
proved to be a helpful diagnostic method for the evaluation 
of patients with movement disorders. If one considers DAT 
a surrogate marker of dopaminergic nigrostriatal neurons, 
123I-FP-CIT imaging of the DAT sites can identify nigrostriatal 
dopaminergic deficit in IPD patients in vivo. Several SPECT 
studies have demonstrated high accuracy in differentiating 
patients with IPD and parkinsonian syndromes from patients 
with essential tremor and healthy controls (21). In particular, 
when clinical features are less clear, as is often the case in 
early presentation, 123I-FP-CIT scanning is able to aid in the 
diagnostic process (23).

Our results indicate that striatal 123I-FP-CIT uptake was 
less impaired in TDT patients than in ART or MT patients 
at the same stage of the disease. Already, Spiegel et al (15) 
reported a significantly higher 123I-FP-CIT uptake in TDT 
patients vs. ART ones in putamen and caudate nucleus contra-
lateral to the clinically more affected body side as well as 
putamen and caudate nucleus ipsilateral to the clinically more 
affected body side. These findings have been confirmed by our 
present evaluation; moreover similar outcomes were disclosed 
between ART and MT patients: there were no significant 
differences concerning binding properties both in the contra-
lateral or ipsilateral caudate nucleus and in the contralateral 
or ipsilateral putamen. Nevertheless, in contrast to our study, 
in their series TDT patients revealed a significantly higher 
123I-FP-CIT uptake in all four striatal areas examined than 
MT patients, whereas we found these differences statistically 
significant only for caudate nuclei but not for the contralateral 
and ipsilateral putamen. Comparing putamen uptake with that 
in the caudate, in our study in all subgroups (TDT, ART and 
MT) putamen uptake was lower than caudate nucleus uptake, 
as previously reported by other 123I-FP-CIT studies and in 
accordance with Spiegel's data.

The occurrence of a widespread degeneration of the 
nigrostriatal dopaminergic pathway for the development of 
parkinsonian tremor at rest has been previously postulated 
by Isaias et al (24), who evaluated 20 drug-naïve PD patients, 
10 with unilateral akinesia-rigidity at onset and 10 with 
additional tremor at rest. They reported a mean reduction of 
123I-FP-CIT striatal binding of 42 and 50% for ART and TDT 
patients, respectively. In particular, there was a significantly 
lower uptake of 123I-FP-CIT in TDT patients when compared 
to ART ones for both ipsilateral striatum and caudate nucleus.

The results of Isaias et al (24) clearly contrast with our 
findings and with those of Spiegel et al (15). The reason for 
this significantly differing striatal 123I-FP-CIT uptake in the 
subtypes of PD remains yet unclear. However, it is worth 
noting that a recent paper has confirmed the lower 123I-FP-CIT 
striatal binding in ART compared to TDT (25). Neverthless, 
in the present study differences in nigrostriatal impairment in 
the clinical variants of early PD were found by SPECT only in 
the putamen contralateral to the most clinically affected side 
that showed a lower 123I-FP-CIT uptake in ART compared to 
TDT patients. In fact, no statistically significant differences 
emerged when considering uptake in the bilateral caudate and 
ipsilateral putamen.

Postmortem studies in PD indicated that the ART show 
more severe cell loss in the ventrolateral part of the substantia 
nigra zona compacta (SNzC), which projects to the dorsal 
putamen than the medial part projecting to the caudate nucleus 
and the anterior putamen, with negative correlation between 
SNzC cell counts, severity of akinesia-rigidity, and dopamine 
loss in the posterior putamen (26). On the contrary, the TDT 
shows more severe neuron loss in medial than in lateral SNzC, 
and in the retrobulbar field, that projects to the dorsolateral 
striatum and ventromedial thalamus.

On the basis of these neuropathological findings, a retro-
spective analysis of consecutive 123I-FP-CIT SPECT acquired 
over 3 years was conducted to verify if the PD subtypes and 
the visual findings of the scintigraphic imaging show a relation 
in accordance with the Jellinger model, hypothesizing that the 

Figure 2. Sample images of 123I-FP-CIT SPECT: (A) a TDT patient, (B) an 
ART patient and (C) an MT patient.
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ART may present with a more pronounced posterior reduction 
of radiopharmaceutical uptake than the TDT (27). The visual 
analysis showed a clear association of TDT with an almost 
normal symmetrical uptake with only a discrete reduction in 
one or both putamina (‘eagle-wing’ striatal configuration), 
and ART with a significant bilateral reduced uptake in the 
putamen and normal or almost normal uptake in the caudate 
nuclei (‘egg-shaped’ striatum). Moreover, a significantly 
higher 123I-FP-CIT uptake was observed in the TDT compared 
to the ART both for the semi-quantitative and the automa-
tized three-dimensional analysis ipsilateral and contralateral 
to the most affected side in the putamen and caudate. These 
outcomes suggest that the visual evaluation of 123I-FP-CIT 
imaging allows for a pattern classification that might reflect 
the different neuropathological features associated with the 
different IPD subgroups.

In IPD it has been reported that DAT availability in the 
putamen mainly correlates with motor function, whereas DAT 
availability is correlated with prefrontal cognitive functions, 
particularly in the caudate region (28). Moreover, 123I-FP-CIT 
striatal uptake values significantly correlate with bradyki-
nesia and rigidity but not with tremor (21,25,29). Defining 
subgroups of patients with IPD can be useful to delineate the 
natural history, prognosis, and treatment options, especially 
the optimal therapy for the specific motor and cognitive symp-
toms. Therefore, the early identification of different patient 
subtypes by means of a non-invasive molecular imaging 
technique like 123I-FP-CIT SPECT may be important for 
management strategies.

In particular, a strong association between a non-tremor 
dominant disease pattern and cognitive disability has been 
recently found, which is most pronounced in the performance 
of executive functions; however, the decline in cognitive 
function in patients with IPD is also influenced by the impair-
ment of non-dopaminergic systems, such as noradrenergic, 
cholinergic and serotonergic systems (30,31). Moreover, the 
non-tremor dominant group had a significantly higher mean 
pathological grading of cortical Lewy bodies and more cortical 
amyloid-β plaques and cerebral amyloid angiopathy than the 
tremor-dominant patients, and also exhibited a generally more 
rapid disease progression together with higher scores on the 
Beck depression inventory, indicating the severity of depres-
sive symptoms.

In conclusion, the results of our study show that in the 
early stage of IPD the dopaminergic system is more severely 
impaired in ART than in the other subgroups of patients, in 
particular when compared to TDT. Moreover, our findings 
suggest that other neurotransmitter pathways apart from 
the nigrostriatal dopaminergic pathway are involved in the 
generation of tremor in IPD; they are consistent with previous 
evidence of a lack of correlation between 123I-FP-CIT uptake 
and tremor severity. As a matter of fact, in contrast to the 
other movement symptoms of IPD, tremor is caused by 
separate mechanisms and is anatomically different from 
rigidity and bradykinesia (32,33). Therefore, resting tremor is 
comparatively less influenced by dopamine than other motor 
symptoms, and the evidence of lesser efficacy of dopami-
nergic therapy on IPD tremor than on other main symptoms 
emphasizes the contribution of non-dopaminergic mecha-
nisms. Finally, the relative putamen sparing in TDT could 

partially explain the slower disease progression reported in 
this IPD subgroup, and the non-invasive information provided 
by 123I-FP-CIT molecular imaging may help to improve further 
therapeutic planning.
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